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(57) ABSTRACT

Disclosed are a charging apparatus and a charging method for
a battery of an electric vehicle. The charging apparatus for a
battery of an electric vehicle includes: a communication mod-
ule that communicates power information and information on
a battery of the electric vehicle; a charging mode setting
module that recerves a user’s order; a charging switch that
connects the battery of the electric vehicle with the charging
power 1n accordance with an input control signal; and a charg-
ing control module that sets the charging amount of the bat-
tery by using the power information and the information on
the battery, sets charging information including charging
power and at least one time period for charging the battery of
the electric vehicle within a predetermined time range, and
input the control signal to the charging switch on the basis of
the charging information.

20 Claims, 3 Drawing Sheets
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CHARGING METHOD AND APPARATUS FOR
ELECTRIC VEHICLE

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application claims priority to and the benefit of
Korean Patent Application No. 10-2010-0134023 filed 1n the

Korean Intellectual Property Office on Dec. 23, 2010, the
entire contents ol which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to an apparatus and a method
of charging a battery of an electric vehicle, and more particu-
larly, to an apparatus and a method of charging a battery of an
clectric vehicle that charge a battery of an electric vehicle on
a smart grid.

BACKGROUND

Recently, as 1ssues concerned with the environment and
energy resources become important, electric vehicles and
plug-1n hybrid vehicles have been spotlighted as future trans-
portation to solve the issues.

Although power for charging the batteries 1n the existing
hybrid electric vehicles was supplied by a regenerative brake
and operating a power generator by the engine, electric
vehicles and plug-in hybrid vehicles can be supplied with
power for charging the batteries of the electric vehicles from
a national grid or a decentralized power supply.

On the other hand, when the electric vehicles and plug-in
hybrid vehicles are used for commuting, a pattern of driving,
the vehicles 1n the morning and charging the batteries 1n the
evening has an adverse effect on the national grid or the
decentralized power supply and increases the highest power
consumption of the entire grid at a specific period of time.

This 1s set to the highest power consumption, but 1f more
power 1s used, the present power system with a reserve rate of
about 10% requires additional equipment for power genera-
tion and a large amount of electricity 1s wasted, thereby reduc-
ing energy efficiency.

Theretfore, recently, a smart grid system that makes the grid
intelligent has been constructed to increase energy efliciency
and reduce energy consumption and bilateral horizontal sup-
ply systems, such as a microgrid and a decentralized power
supply method, have been implemented, coming out of the
vertical system that one-sidedly supplies electricity from the
central station.

The core of the smart grid system 1s that consumers and a
power company communicate information 1n real time by
combining the grid with an information and communication
technology, such as ZigBee or power line communication,
which makes 1t possible to use electricity and automatically
operates devices at a period of time with low electric charges.

However, there 1s a problem in that the existing charging
equipment of electric vehicles immediately charge the batter-
ies regardless of the electric charges and this has a consider-
able adverse effect on the national grid or the decentralized
power supply, such that it 1s difficult to use electricity for
charging the batteries of the electric vehicles at low cost.

SUMMARY

The present invention has been made 1n an effort to provide
an apparatus and a method of charging batteries in electric
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vehicles, which charges batteries of electric vehicles at a
period of time having the lowest charging power rate.

An exemplary embodiment of the present invention pro-
vides a charging apparatus for a battery of an electric vehicle,
including: a commumication module that communicates
power information including power rates for times and infor-
mation on a battery of the electric vehicle; a charging mode
setting module that receives a user’s order relating to a charg-
ing mode of the battery of the electric vehicle; a charging
switch that connects the battery of the electric vehicle with the
charging power in accordance with an mput control signal;
and a charging control module that sets the charging amount
of the battery by using the power information and the infor-
mation on the battery, sets charging information including
charging power and at least one time period for charging the
battery of the electric vehicle with the lowest charging power
rate on the basis of the charging power rates for umt times
within a predetermined time range, and 1nput the control
signal to the charging switch on the basis of the charging
information.

The charging control module may control the charging
switch to charge the battery 1n any one, which is selected by
a user’s input, ol an eco-charging mode that charges the
battery of the electric vehicle at the charging time period
having the lowest charging power rate within a predetermined
time range, a fast charging mode that charges the battery of
the electric vehicle by using high pressure within a short time,
a full charging mode that fully charges the battery of the
clectric vehicle, and a smart charging mode that restricts the
charging capacity of the battery to improve the performance
of the battery of the electric vehicle.

The charging control module may set a charging mode with
a combination of two or more modes.

When the present time reaches the charging time period,
the charging control module may ascertain the charging state
of the battery of the electric vehicle, and when charging is
possible, supply charging power to the battery of the electric
vehicle by controlling the charging switch.

The charging control module may periodically check the
charging state of the battery of the electric vehicle 1n charg-
ing, and when the battery of the electric vehicle has been tully
charged, completely charged, or 1n an unstable state, and the
present time 1s the charging-end time, may finish the charging
by turning oif the charging switch.

The charging apparatus for a battery of an electric vehicle
may include a charging power setting module that selects
charging power supplied to the battery of the electric vehicle.

The charging power setting module may supply charging
power to the battery of the electric vehicle by selecting a
charging power supplier in accordance with the charging fee
inputted 1n accordance with a control signal of the charging
control module.

The charging mode setting module may recerve a user’s
order for setting a charging limit time for the battery of the
vehicle.

The charging power supplier may use the charging power
stored 1n the battery of an electric vehicle or a plug-1n hybnd
clectric vehicle.

The charging apparatus may further include a storing mod-
ule that stores the power information, the information on the
battery of the electric vehicle and the charging mode set by the
user.

The power information may includes at least any one of an
energy source, the date, and power rates for time periods.

Another exemplary embodiment of the present invention
provides a charging method for a battery of an electric
vehicle, including: a step of setting the charging amount for a
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battery of an electric vehicle by using power information
received from a smart grid management center in a predeter-
mined time range, a charging mode that a user sets, and
information on the sate of the battery; a step of calculating
charging information by calculating at least one time period
for charging the battery of the electric vehicle with the lowest
charging power rate on the basis of charging power rates for
unit time periods; a charging control step that provide charg-
ing power for mputting a control signal to a charging switch
to charge the battery of the electric vehicle at the time period
having the lowest charging power rate on the basis of the time
period; and a connection step that connects the battery of the
clectric vehicle with power of a charging power supplier 1n
accordance with the input control signal, by using the charg-
ing switch.

The charging method may further includes: a step that sets
a user’s preferring charging mode from one of or a combina-
tion of an eco-charging mode that charges the battery of the
clectric vehicle at the charging time period having the lowest
charging power rate within a predetermined time range, a fast
charging mode that charges the battery of the electric vehicle
by using high pressure within a short time, a full charging
mode, and a smart charging mode that restricts the charging
capacity of the battery to improve the performance of the
battery of the electric vehicle, before the step of calculating.
The charging method may further include: a step that deter-
mines whether the present time 1s a charging start time, and
ascertains the state of the battery when the present time 1s the
charging start time, and sets charging power, 11 necessary,
when charging 1s possible; and a step that turns on the charg-
ing switch to supply the charging power to the battery of the
clectric vehicle from the selected charging power.

The charging method may further include a step of turming
off the charging switch for supplying the charging power to
the battery of the electric vehicle when the battery 1s fully
charged, completely charged, or 1n an unstable state by peri-
odically checking the state of the battery in charging, and
when the present time 1s a charging-end time.

The charging method may further include: a step of per-

forming a process of ascertaining the identification number of

the electric vehicle simultaneously with setting the start of
charging of the battery of the electric vehicle; and a step of

starting to charge the battery of the electric vehicle through a
user 1dentification process that ascertains the identification
number of the electric vehicle.

The charging method may further include a step of supply-
ing charging power to the battery of the electric vehicle by

selecting a charging power supplier in accordance with the

charging fee mputted in accordance with a control signal of

the charging control module.

The charging method may further include: a charging
power selection step that supplies charging power from a
plurality of charging power suppliers or sets charging power
for supplying variable charging power using variable current
or variable voltage; a charging power calculation step that sets
charging information by calculating the optimum charging

power and at least one time period for charging the battery of

the electric vehicle with the lowest charging power on the
basis of charging power rates for unit times acquired from
power information within a predetermined time range; a
charging control step that provides charging power for input-
ting a control signal to the charging switch and sets charging,
power to charge the battery of the electric vehicle at the time

period having the lowest charging power rate on the basis of

the time periods; and a connection step that connects the
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4

charging power with the battery of the electric vehicle 1n
accordance with the input control signal by using the charging
switch.

The charging method may further include a variable charg-
ing power selection step that selects at least any one of the
variable voltage and the vanable current.

The charging method may further include a step of setting,
the charging amount for the battery of the electric vehicle by
receiving the charging mode from the electric vehicle.

According to exemplary embodiments of the present
ivention, 1t 1s possible to charge the battery of an electric
vehicle at low cost by calculating the order of times corre-
sponding to the charging power rates according to the charg-
ing amount of the battery of the electric vehicle for unit
charging time periods within time information set by the user
using the power information, and charging the battery of the
electric vehicle in the order of times with the lowest charging
power rate on the basis of time information set by the user.

According to exemplary embodiments of the present
invention, 1t 1s possible to maximize energy use efficiency of
the national grid or the decentralized power supply by charg-
ing the battery of the electric vehicle with a charging power
supplier at the lowest fee, when a plurality of charging power
suppliers 1s provided.

The foregoing summary i1s illustrative only and is not
intended to be 1n any way limiting. In addition to the 1llustra-
tive aspects, embodiments, and features described above, fur-
ther aspects, embodiments, and features will become appar-
ent by reference to the drawings and the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view showing a charging apparatus for a battery
of an electric vehicle according to an exemplary embodiment
ol the present invention.

FIG. 2 1s a block diagram showing a charging apparatus for
a battery of an electric vehicle according to an exemplary
embodiment of the present invention.

FIG. 3 1s a reference diagram illustrating energy prices for
smart grid time periods according to an exemplary embodi-
ment of the present invention.

FIG. 4 15 a reference diagram 1illustrating setting of a plu-
rality of charging power suppliers for time periods according
to an exemplary embodiment of the present invention.

FIG. 5 1s a flowchart 1llustrating a charging method for a
battery of an electric vehicle according to an exemplary
embodiment of the present invention.

It should be understood that the appended drawings are not
necessarily to scale, presenting a somewhat simplified repre-
sentation of various features illustrative of the basic prin-
ciples of the invention. The specific design features of the
present invention as disclosed herein, including, for example,
specific dimensions, orientations, locations, and shapes will
be determined 1n part by the particular intended application
and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present invention throughout the sev-
eral figures of the drawing.

DETAILED DESCRIPTION

Heremafiter, exemplary embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings. First of all, we should note that in giving
reference numerals to elements of each drawing, like refer-
ence numerals refer to like elements even though like ele-
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ments are shown in different drawings. In describing the
present mnvention, well-known functions or constructions will
not be described 1n detail since they may unnecessarily
obscure the understanding of the present invention. It should
be understood that although exemplary embodiment of the
present invention are described hereafter, the spirit of the
present invention 1s not limited thereto and may be changed
and modified in various ways by those skilled 1n the art.

FI1G. 1 1s a view showing a charging apparatus for a battery
of an electric vehicle according to an exemplary embodiment
of the present invention.

Referring to FIG. 1, a charging apparatus 200 for a battery
of an electric vehicle supplies charging power to a battery 1n
an electric vehicle, using a charging cable 250.

The charging apparatus for a battery of an electric vehicle
may supply charging power to the battery in an electric
vehicle, using an on-line imnductive power supply method and
it 1s possible to construct an eco-friendly system without a
danger due to disconnection and electric contact by supplying
power 1n a non-contact inductive power supply method on the
ground.

The charging apparatus 200 for a battery of an electric
vehicle recerves power information transmitted from a smart
orid 300, using communication equipment.

The communication equipment may be implemented by
power line communication, broadband communication, Zig-
Bee optical communication, and serial data communication.

The electric vehicle 100 1s an example of EVs (Electric
Vehicles) that use the power of the charged battery in the
clectric vehicle as a driving power source, and which includes
a PHEV (Plug-in Hybrid Electric Vehicle) that uses both an
internal combustion engine and a battery as driving power
sources. The electric vehicle 100 1s synchronized with the
charging apparatus 200 for a battery of an electric vehicle.

The smart grid 300, a power system where a provider and
a consumer interact with each other, using an information and
communication technology when electricity 1s generated,
carried, and consumed, includes a smart grid management
center 310 that creates power information and a charging
power supplier 320 that provides power required for a battery
ol an electric vehicle.

The power information includes information that allows
the power provider and a consumer to interact with each other,
including the energy source, the date, and the power rates for
periods of time.

The charging apparatus 200 for a battery of an electric
vehicle according to an exemplary embodiment of the present
invention can receive power 1n connection with the national
centralized grid or a decentralized power supply, and can
store electricity by charging a battery with midnight idle
power at night and receive power in the day time.

FI1G. 2 1s a block diagram showing a charging apparatus for
a battery of an electric vehicle according to an embodiment of
the present invention.

The charging apparatus 200 for a battery of an electric
vehicle supplies charging power for a battery of an electric
vehicle and 1includes a communication module 210, a charg-
ing mode setting module 220, a charging power setting mod-
ule 230, a charging switch 240, a charging cable 250, a storing,
module 260, and a charging control module 270.

In detail, referring to FIG. 2, the communication module
210 1ncludes a first communication unit 210a that communi-
cates information with the smart grid management center 310
and a second communication unit 2105 that communicates
the information on the electric vehicle with the electric

vehicle 100.
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6

Although the communication module 210 1s divided, 1t
may be implemented 1n an 1integrated module.

The charging mode setting module 220 allows a user to set
a preferring battery charging mode of the electric vehicle and
includes a fast charging mode that performs charging, using
high pressure within a short time, depending on the power for
charging the battery of the electric vehicle and an eco-charg-
ing mode that 1s selected to charge the battery of the electric
vehicle in a period of time having the lowest power rate within
time 1information set by the user.

The charging mode setting module 220 may include a
tull-charging mode that fully charges the battery of the elec-
tric vehicle and a smart mode that restricts the charging
capacity of the battery to extend the performance of the bat-
tery of the electric vehicle.

The charging mode setting module 220 may set one charg-
ing mode or a combination of a plurality of charging modes.

The user can set a charging time limit for the electricity
supplied to the battery of the vehicle 1n all charging modes.

For example, the charging time limit may be set within 10
hours or before going to work the next morning.

Meanwhile, the charging mode can be received from the
information on the vehicle.

The charging power setting module 20 selects charging
power when various power suppliers are provided or the
charging power 1s variably supplied.

The charging power setting module 230 can supply charg-
ing power to the battery of the electric vehicle by selecting a
charging power supplier 1n accordance with the charging fee
inputted 1n accordance with a control signal of the charging
control module.

When a plurality of charging power supplier 1s provided, it
1s possible to provide charging power by selecting a charging
power supplier for a desired fee in accordance with the signal
of the control module and supply variable power using a
variable voltage and variable current into the charging power
in accordance with the control signal.

In detail, the variable voltages are 220V and 120V and the
variable currents are 10 A, 20 A, and 100 A, which are selec-
tively supplied 1in consideration of the charging mode and the
status of the battery.

The charging power supplier includes the power plant of
the power company, a micro-grid, and a decentralized power
supply, and the charging power stored in the battery of an
clectric vehicle or a plug-in hybrid vehicle ma be used as
power supplier.

The charging power supplier may be V2G (Vehicle-To-
Grid) that uses the charging power stored 1n the battery of an
clectric vehicle or a plug-in hybrid electric vehicle.

The charging switch 240 connects the charging power with
the battery of the electric vehicle 1n accordance with an input
control signal and supplies the charging power to the battery
of the electric vehicle through the charging cable 250.

The storing module 260 stores power information, and
battery information and battery charging information of the
clectric vehicle.

The charging control module 270 sets a required charging,
amount, using the mformation on the battery, the charging
mode, and the power information, calculates at least one
period of time for charging the battery of the electric vehicle
having the lowest charging power rate, using the power infor-
mation, within a predetermined time range, and 1nput the
control signal to the charging switch to charge the battery of
the electric vehicle at the period of time having the lowest
charging power rate on the basis of the period of time.

The charging control module 270 sets the charging power
in the calculating of the period of time and controls the charg-
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ing switch 240 after setting the charging power 1n the control
process, when various levels of charging power are provided.

In detail, referring to FIG. 3 or FIG. 4, the function of
charging a battery of an electric vehicle of the charging con-
trol module 270 1s described.

The charging control module 270 first sets the required
charging amount for the battery of the vehicle, using the
power 1nformation, the information on the battery of the
clectric vehicle, and the user’s preferring charging mode. It
calculates the unit cost of power per unit time from the fol-
lowing Formula 1.

PRICE OF P(I, T), T)
P(i, 1)
P(i. 1): POWER

o (Formula 1)
Price(i, 1) =

0 < i < n(n = POWER SOURCE)

O=r=T(T =TIME SET BY USER)

where Price (1.t) for calculating the unit cost of power per
unit time should satisty a time limit condition set by the user
or set as a default value and charging information including at
least one, the most efficient period of time where the entire
power satisiies the charging amount set by the charging mode
while adding up P (1, t) from the lowest unit cost 1s set.

For example, when the charging amount of 30 kwh for the
battery of the electric vehicle 1s required and the user sets the
charging time within 8 hours or till the going-to-work time,
the charging control module 250 calculates 0 A.M. to 3 A.M.,
which 1s periods of time corresponding to the lowest charging,
power rate, and stores the periods of time as charging infor-
mation.

The charging control module 270 charges the battery of the
clectric vehicle by controlling the charging switch between
A.M 0 and A.M. 3 having the lowest charging power rate.

Meanwhile, when the charging amount of 40 kwh for the
battery of the electric vehicle 1s required, it sets 0 A.M. to 3
A.M. and 4 A.M. to 5 A.M. as the charging information and
charges the battery of the electric vehicle.

Meanwhile, when a plurality of charging power suppliers
are provided, as shown 1n F1G. 4, the charging control module
270 calculates the charging power unit cost of the energy
source A and the energy source B within the time information
set by the user and selects and sets the charging power sup-
plier having the lowest charging power rate as charging infor-
mation.

For example, when a charging amount of 30 kwh for a
battery of an electric vehicle 1s required, the charging control
module 270 charges the battery with the energy source B in
the time bands of 10 p.m. and 11 p.m. with the lowest charg-
ing power rate for each charging unit time period, and charges
the battery of the electric vehicle with the energy source A in
the time bands of 1 a.m. and 2 a.m.

The energy sources A and B include a decentralized power
supply, such as a fuel cell, wind power, or sunlight, and
includes a charging power supplier storing midnight electric-
ity 1n a specific battery.

For example, when power generation of sunlight 1s sup-
plied, the battery of the electric vehicle can be charged by the
sunlight power during the daytime and can be charged by the
midnight power at night which 1s supplied through a central-
1zed grid.

The charging power supplier can supply variable power
and the charging control module 270 can provide a smart
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performing charging by variably supplying the charging
power supplied from a specific power supplier 1n consider-
ation of efficiency and the battery state, in which 1t 1s possible
to calculate and store optimal charging power, 1n addition to
the power source, 1n the charging information, and the charg-
ing power setting unit can variably provide and use the charg-
Ing poOwer.

The charging control module 270 ascertains first the bat-
tery state when 1t 1s necessary to start charging by comparing
the charging time period stored in the charging information
with the present time, determines whether charging i1s pos-
sible, and when charging 1s possible, charges the battery of
the electric vehicle by operating the charging switch 240.

The charging control module 270 can control the charging,
switch 240 to charge the battery 1n any one, which 1s selected
by a user’s mput, of an eco-charging mode that charges the
battery of the electric vehicle at the charging time period
having the lowest charging power rate within a predetermined
time range, a fast charging mode that charges the battery of
the electric vehicle by using high pressure within a short time,
a full charging mode that fully charges the battery of the
clectric vehicle, and a smart charging mode that restricts the
charging capacity of the battery to improve the performance
of the battery of the electric vehicle.

The charging control module 270 can set a charging mode
with a combination of two or more modes.

When the present time reaches the charging time period,
the charging control module 270 ascertains the charging state
of the battery of the electric vehicle, and when charging 1s
possible, 1t can supply charging power to the battery of the
clectric vehicle by controlling the charging switch.

The charging control module 270 periodically checks the
charging state of the battery of the electric vehicle 1n charg-
ing, and when the battery of the electric vehicle has been fully
charged, completely charged, or 1n an unstable state, and the
present time 1s the charging-end time, 1t can finish the charg-
ing by turning oif the charging switch.

The charging control module 270 periodically checks the
charging state of the battery of the electric vehicle 1n charg-
ing, and finishes the charging by turning off the charging
switch when the battery of the electric vehicle has been fully
charged, 1s 1n a complete charging state where the set charg-
ing amount 1s satisiied, or 1s in an unstable state.

The charging control module 270 finishes the charging by
turning oif the charging switch when the present time 1s the
charging-end time by comparing the present time with the
charging time period stored in the charging information, 1n
charging.

As described above, a user can charge the battery having
the lowest fee within the time information that the user sets.

Next, a method of charging the battery of an electric
vehicle with the charging apparatus 200 for a battery of an
clectric vehicle 1s described. FIG. 5 1s a flowchart illustrating
a charging method for a battery of a vehicle according to an
exemplary embodiment of the present invention.

First, power information 1s received from the smart grid
management center 310 and stored 1n the storing module 240
(S401).

The user sets the state of connection with a charger to
charge the battery of the electric vehicle. This generally
means the start of charging through cable connection.

A preferring charging mode for charging the battery of the
clectric vehicle which 1s connected to the charging cable 1s set
(S402).

In step S402, it 1s possible to select the eco-charging mode
that charges the battery of the electric vehicle at the charging
time period having the lowest charging power rate within a
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time range that 1s set by a user or set 1n advance and the fast
charging mode that charges the battery of the electric vehicle,
using high pressure, within a short time while 1t 1s possible to
set one or two or more preferring combination of charging
modes, including the full charging mode that fully charges the
battery of the electric vehicle and the smart charging mode
that restricts the charging capacity of the battery to improve
the performance of the battery the electric vehicle.

In step S402, the charging mode can be manually set by the

user and can receive charging mode information that the user

wants from the information on the vehicle.

Meanwhile, 1n general, the charging control module 270
sets the start of charging the battery of the electric vehicle and
simultaneously ascertains the identification number of the
clectric vehicle, and starts to charging the battery of the elec-
tric vehicle through the i1dentification process of the user.

The contract relationship for power supply 1s synchronized
with the smart grid management center by using the identifi-
cation number of the electric vehicle and may be used to
specifically charge exclusive vehicle charging fee.

The 1dentification process may be omitted when a specific
payment method 1s used, which may be set by a credit card or
a mobile phone.

Next, the battery information of the electric vehicle 1s
received from the electric vehicle and the type and charging,
state of the battery of the electric vehicle are ascertained
(S403), and the charging amount of the battery of the electric
vehicle, considering the charging mode required by the user
and efficient use of the battery, 1s set (8404).

Charging information 1s set by calculating at least a time
period and the charging power, 1f necessary, for charging the
battery of the electric vehicle having the lowest charging
power rate on the basis of the charging power rates for the unit
time period acquired from the power information within a
predetermined time range (S403).

The charging apparatus operates as follows after the charg-
ing information 1s set. It 1s determined that the present time 1s
the charging start time (5406), and when they are the same,
the state of the battery of the electric vehicle 1s ascertained
(S407) and when charging 1s possible, resulting from deter-
miming whether charging 1s possible (5408), the charging
switch 1s turned on to supply the charging power to the battery
ol the electric vehicle (S410).

If necessary, the charging power 1s set with the charging
power setting module (5409) and the charging switch 1s
turned on (5410).

In charging after step S403, the state of the battery of the
clectric vehicle 1s periodically ascertained from the electric
vehicle (S414). Full charging, complete charging, or an
unstable state of the battery 1s ascertained by ascertaining the
state of the battery of the electric vehicle 1n step S414 (5415).

When full charging, complete charging, or the unstable
state 1s determined 1n step S4135, the charging switch 1s turned
olf to stop the supply of the charging power for the battery of
the electric vehicle (S416).

Meanwhile, the charging switch 1s turned off to stop the
supply of the charging power to the battery of the electric
vehicle (S418) when the present time 1s the charging-end
time, as a result of ascertaining whether the present time 1s the
charging-end time (S417) after step S405.

Finally, when it 1s determined that 1t 1s the full charging or
charging at the level that the user requests 1s completed 1n step
S411, the charging of the battery 1s completely finished when
the battery state 1s unstable, and the processes are repeated
when the charging time period of the charging information 1s
divided 1nto several time periods.
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The present invention relates to a charging apparatus for a
battery of an electric vehicle and can be applied to electric
vehicles that use charging power for a battery of an electric
vehicle as a driving source, including plug-in hybrid vehicles,
an electric charging station equipped with a smart grid, and an
clectricity-for-home charging station.

As described above, the exemplary embodiments have
been described and illustrated 1n the drawings and the speci-
fication. The exemplary embodiments were chosen and
described in order to explain certain principles of the mven-
tion and their practical application, to thereby enable others
skilled 1n the art to make and utilize various exemplary
embodiments of the present invention, as well as various
alternatives and modifications thereof. As 1s evident from the
foregoing description, certain aspects of the present invention
are not limited by the particular details of the examples 1llus-
trated herein, and 1t 1s therefore contemplated that other modi-
fications and applications, or equivalents thereof, will occur
to those skilled 1n the art. Many changes, modifications, varia-
tions and other uses and applications of the present construc-
tion will, however, become apparent to those skilled 1n the art
alfter considering the specification and the accompanying
drawings. All such changes, modifications, variations and
other uses and applications which do not depart from the spirit

and scope of the invention are deemed to be covered by the
invention which 1s limited only by the claims which follow.

What 1s claimed 1s:

1. A charging apparatus for a battery of an electric vehicle,
comprising;

a communication module that communicates power infor-
mation mcluding power rates for times and information
on a battery of the electric vehicle;

a charging mode setting module thatrecerves a user’s order
relating to a charging mode of the battery of the electric
vehicle;

a charging switch that connects the battery of the electric
vehicle with the charging power 1n accordance with an
input control signal; and

a charging control module that sets a charging amount of
the battery by using the power information and the infor-
mation on the battery, sets charging information includ-
ing charging power and at least one time period for
charging the battery of the electric vehicle having a
lowest charging power rate on the basis of the charging
power rates for unit times within a predetermined time
range, and mnputs the control signal to the charging
switch on the basis of the charging information.

2. The charging apparatus for a battery of an electric
vehicle of claim 1, wheremn the charging control module
controls a charging switch to charge the battery 1in any one,
which 1s selected by a user’s input, of an eco-charging mode
that charges the battery of the electric vehicle at a charging
time period having the lowest charging power rate within a
predetermined time range, a fast charging mode that charges
the battery of the electric vehicle by using high pressure
within a short time, a full charging mode that fully charges the
battery of the electric vehicle, and a smart charging mode that
restricts the charging capacity of the battery to improve the
performance of the battery of the electric vehicle.

3. The charging apparatus of claim 2, wherein the charging
control module set a combination of two or more charging
modes.

4. The charging apparatus of claim 1, wherein when the
present time reaches a charging time period, the charging
control module ascertains the charging state of the battery of
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the electric vehicle, and when charging 1s possible, supplies
charging power to the battery of the electric vehicle by con-
trolling the charging switch.

5. The charging apparatus of claim 1, wherein the charging,
control module periodically checks the charging state of the
battery of the electric vehicle in charging, and when the
battery of the electric vehicle has been fully charged, com-
pletely charged, or in an unstable state, and the present time 1s
the charging-end time, fimishes the charging by turning off the
charging switch.

6. The charging apparatus of claim 1, further comprising a
charging power setting module that selects charging power
that 1s supplied to the battery of the electric vehicle.

7. The charging apparatus of claim 6, wherein the charging,
power setting module provides the battery of the electric
vehicle with charging power by selecting a charging power
supplier 1n accordance with a charging fee mput in accor-
dance with a control signal of the charging control module.

8. The charging apparatus of claim 1, wherein the charging
mode setting module receives a user’s order for setting a
charging limit time supplied to the battery of the vehicle.

9. The charging apparatus of claim 1, wherein the charging
power supplier includes the charging power stored in the
battery of an electric vehicle or a plug-in hybrid electric
vehicle.

10. The charging apparatus of claim 1, further comprising
a storing module that stores the power information, the infor-
mation on the battery of the electric vehicle, and the charging
mode information of the battery of the electric vehicle which
1s set by a user.

11. The charging apparatus of claim 1, wherein the power
information includes at least any one of an energy source, the
date, and power rates for time periods.

12. A charging method for a battery of an electric vehicle,
comprising;

a step of setting the charging amount for a battery of an
clectric vehicle by using power information recerved
from a smart grid management center in a predetermined
time range, a charging mode that a user sets, and 1nfor-
mation on the state of the battery;

a step of calculating charging information by calculating at
least one time period for charging the battery of the
clectric vehicle with the lowest charging power rate on
the basis of charging power rates for unit time periods;

a charging control step that provide charging power for
inputting a control signal to a charging switch to charge
the battery of the electric vehicle at the time period
having the lowest charging power rate on the basis of the
time period; and

a connection step that connects the battery of the electric
vehicle with power of a charging power supplier in
accordance with the mput control signal, by using the
charging switch.

13. The method of claim 12, further comprising a step that
sets a user’s preferring charging mode from one of or a
combination of an eco-charging mode that charges the battery
of the electric vehicle at the charging time period having the
lowest charging power rate within a predetermined time
range, a fast charging mode that charges the battery of the
clectric vehicle by using high pressure within a short time, a
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tull charging mode, and a smart charging mode that restricts
the charging capacity of the battery to improve the perfor-
mance of the battery of the electric vehicle, before the step of

calculating.

14. The method of claim 12, further comprising;:

a step that determines whether the present time 1s a charg-
ing start time, and ascertains the state ol the battery when
the present time 1s the charging start time, and set charg-
ing power, 1f necessary, when charging is possible; and

a step that turns on the charging switch to supply the
charging power to the battery of the electric vehicle from
the selected charging power.

15. The method of claim 12, further comprising a step of
turning off the charging switch for supplying the charging
power to the battery of the electric vehicle when the battery 1s
tully charged, completely charged, or 1n an unstable state by
periodically checking the state of the battery in charging, and
when the present time 1s a charging-end time.

16. The method of claim 12, further comprising:

a step ol performing a process of ascertaining the identifi-
cation number of the electric vehicle simultaneously
with setting the start of charging of the battery of the
electric vehicle; and

a step of starting to charge the battery of the electric vehicle
through a user 1dentification process that ascertains the
identification number of the electric vehicle.

17. The method of claim 12, further comprising a step of
providing the battery of the electric vehicle with charging
power by selecting a charging power supplier in accordance
with a charging fee iput 1n accordance with a control signal
of the charging control module.

18. The method of claim 12, further comprising;:

a charging power selection step that supplies charging
power from a plurality of charging power suppliers or
sets charging power for supplying variable charging
power using variable current and variable voltage;

a charging power calculation step that sets charging infor-
mation by calculating the optimum charging power and
at least one time period for charging the battery of the
clectric vehicle with the lowest charging power rate on
the basis of charging power rates for unit times acquired
from power mformation within a predetermined time
range;

a charging control step that provides charging power for
inputting a control signal to the charging switch and
setting charging power to charge the battery of the elec-
tric vehicle at the time period having the lowest charging
power rate on the basis of the time periods; and

a connection step that connects the charging power with the
battery of the electric vehicle in accordance with the
input control signal by using the charging switch.

19. The method of claim 18, further comprising a variable
charging power selection step that selects at least any one of
the variable current and the variable voltage.

20. The method of claim 12, further comprising a step of
setting the charging amount for the battery of the electric
vehicle by recetving the charging mode from the electric
vehicle.
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